• Compared with parous female sibling donors, male URDs confer more aGVHD in all patients and more cGVHD in females.
• There was no difference in survival, relapse, or transplant mortality between recipients of parous female sibling or male URD grafts.
Optimal donor selection is critical for successful allogeneic hematopoietic cell transplantation (HCT). Donor sex and parity are well-established risk factors for graft-versushost disease (GVHD), with male donors typically associated with lower rates of GVHD.
Well-matched unrelated donors (URDs) have also been associated with increased risks of GVHD as compared with matched sibling donors. These observations raise the question of whether male URDs would lead to more (or less) favorable transplant outcomes as compared with parous female sibling donors. We used the Center for International Blood and Marrow Transplant Research registry to complete a retrospective cohort study in adults with acute myeloid leukemia, acute lymphoblastic leukemia, or myelodysplastic syndrome, who underwent T-cell replete HCT from these 2 donor types (parous female sibling or male URD) between 2000 and 2012. Primary outcomes included grade 2 to 4 acute GVHD (aGVHD), chronic GVHD (cGVHD), and overall survival. Secondary outcomes included disease-free survival, transplant-related mortality, and relapse. In 2813 recipients, patients receiving male URD transplants (n 5 1921) had 1.6 times higher risk of grade 2 to 4 aGVHD (P , .0001). For cGVHD, recipient sex was a significant 
Introduction
Allogeneic hematopoietic cell transplant (HCT) is a potentially curative but risky therapy for patients with hematologic malignancies. Acute and chronic graft-versus-host disease (aGVHD and cGVHD, respectively) are significant contributors to adverse outcomes including death. To reduce complications from HCT, optimal donor selection is critical. Specific factors influencing donor selection include HLA matching, cytomegalovirus (CMV) serologic status, ABO compatibility, age, sex, and parity (ie, the number of prior pregnancies). [1] [2] [3] With increasing use of unrelated donors (URDs) for allogeneic HCT, large studies have evaluated outcomes for patients with sibling donor vs URD, with most demonstrating similar longterm survival among the 2 donor groups. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] However, when given the option of a sibling donor or URD, sibling donors are typically preferred for convenience and possibly to reduce GVHD and to improve survival. Both donor-recipient sex mismatching and the effect of donor parity have been evaluated as possible influences on transplant morbidity and mortality. There is an increased risk of cGVHD (and in some studies, aGVHD) in recipients of grafts from female donors, regardless of recipient sex, although some studies indicate an even greater risk in male recipients, presumably because of female donors' immune response to the H-Y antigen. 2, 3, [15] [16] [17] [18] [19] [20] [21] [22] [23] Female donors who have a history of pregnancy ("parous females"), may confer more GVHD in all patients 2, 19, 21 or, in some studies, only in male recipients. 3, 15, 16, 18, 23 In 2006, a large registry analysis using the Center for International Blood and Marrow Transplant Research (CIBMTR) evaluated the impact of sex and parity on aGVHD and cGVHD after HLA-identical sibling HCT. This study established parity as a risk factor for cGVHD in both male and female recipients from parous female (vs male) sibling donors. It also demonstrated that nulliparous female sibling donors confer an increased risk of cGVHD to male recipients. 21 Cost and delay are important considerations when choosing a donor, and often transplant physicians choose sibling donors regardless of sex or parity because of these concerns. However, all patients who may be transplant candidates are now urged to have HLA typing performed and siblings typed as early as possible in the treatment course. Hence, we anticipate that delays may become shorter or less frequently encountered when using URDs. Furthermore, we hypothesized that if it were shown that recipients of male URD grafts had substantially better outcomes, a clinician may decide that some additional cost and/ or delay might be worthwhile. Given the well-documented increased risk of aGVHD and cGVHD associated with parous female sibling donors, we sought to understand whether choosing a male URD would be a preferred strategy for donor selection.
Methods

Data source
The data source for the study was the registry of the CIBMTR, a collaboration between the National Marrow Donor Program and the Medical College of Wisconsin: a voluntary working group of .500 transplantation centers that collaborates to share patient data and conduct scientific studies. The quality and compliance of data submission are monitored by computerized checks for errors, physician reviews, and on-site audits. Observational studies conducted by CIBMTR are performed with informed consent in accordance with the Declaration of Helsinki and in compliance with Health Insurance Portability and Accountability Act regulations as determined by the National Marrow Donor Program and Medical College of Wisconsin Institutional review board.
Patient selection
Adult patients who reported to the CIBMTR with acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL), and myelodysplastic syndrome (MDS) and who underwent a T-cell replete myeloablative, nonmyeloablative, or reduced intensity conditioning HCT from an HLAidentical parous female sibling or matched male URD between 2000 and 2012 were included in the study. URD HLA match was defined as a high-resolution match at HLA-A, B, C, and DRB1 as previously described. 24 Donor parity was captured on CIBMTR collection forms prior to HCT. Patients were at least 25 years old at the time of transplant to allow a greater likelihood that sibling donors had the opportunity to be parous and to reduce the likelihood of missing parity status in donors of younger ages. Recipients of both peripheral blood stem cell (PBSC) and bone marrow (BM) grafts were included.
Study design and end points
This was a retrospective cohort study examining outcomes among patients who received HCTs from parous female sibling donors compared with male URDs. The primary outcomes were incidence of grade 2 to 4 aGVHD, cGVHD, and overall survival (OS). aGVHD was present if graded 2 to 4 by cumulative incidence reported at 30, 60, and 100 days after transplantation. 25 cGVHD was reported as cumulative incidence at 6 months, 1 year, and 2 years after transplantation. 26, 27 The competing risk for aGVHD and cGVHD was death without GVHD. Patients were censored at date of subsequent transplant or date of last follow-up. OS was defined as time to death from any cause, with censoring at last follow-up.
Secondary end points included disease-free survival (DFS), transplantrelated mortality (TRM), and relapse. DFS was defined as time to treatment failure (death or relapse). TRM was defined as any death within 28 days after transplantation or death in continuous remission, analyzed with relapse as a competing risk. Relapse was reported as cumulative incidence with TRM as a competing risk.
Statistical analysis
Univariable analysis. Donor, recipient, disease, and transplantrelated factors were compared between parous female sibling and male URDs using the x 2 test for categorical variables, and the Wilcoxon rank-sum test for continuous variables, with statistical significance set at P , .01 because of multiple comparisons. OS and DFS were estimated using the Kaplan-Meier method. Incidence of aGVHD, cGVHD, TRM, and relapse were estimated using cumulative incidence models with competing risks. Variables included the main effect of donor type (parous female sibling vs male URD), as well as other donor-related variables (age, ABO match, CMV serology). Additional variables included those that were patient related (age, sex, race, Karnofsky performance status); disease-related (disease type, disease stage at time of transplant); and transplant-related (time from diagnosis to transplant, graft source, conditioning regimen, GVHD prophylaxis, year of transplant). Disease stage was defined as early (first complete remission for AML and ALL; refractory anemia [RA] or RA with ringed sideroblasts or pretransplant BM blasts ,5% for MDS), intermediate (second or greater complete remission for AML and ALL), or advanced (relapsed, primary refractory disease for AML and ALL; RA with excess blasts, or BM blasts $5% for MDS). There were no interactions between donor type and any covariables.
Multivariable analysis. Multivariable Cox proportional hazards regression was used to control for potentially confounding clinical variables. Each variable was tested for the proportional hazard assumption. If the assumption was violated, the variable was included as a time-dependent variable. We assessed the significance of donor type (parous female sibling and male URD) on aGVHD, cGVHD, OS, DFS, TRM, and relapse by forcing this variable into the models. To identify significant risk factors, stepwise forward selection with a threshold of P 5 .01 was used for entry and retention in the model. Interactions were tested between the donor type and other significant covariables, and no interactions were identified. SAS version 9.4 (SAS Institute, Cary, NC) was used for the analyses.
Results
Patient characteristics
We identified 2813 patients in the CIBMTR registry who met the inclusion criteria and had complete information on donor sex and parity (parous female sibling donor 5 892, male URD 5 1921) . Race categories are reported to the CIBMTR as white, African American, Asian/Pacific Islander, other, or missing. There were small numbers of African American (2%), Asian/Pacific-Islander (4%), and other/missing (4%), so these were pooled into a single, nonwhite group. All male URDs were high-resolution matched at HLA-A, B, C, and DRB1, and the majority were also matched at HLA-DQB1 (89%), but mismatched for HLA-DPB1 (64%).
There was no difference in median age between the 2 recipient cohorts, although a smaller proportion of parous female sibling recipients were .60 years (14% vs 21%). Donor age was higher in the parous female sibling group (48 vs 32 years, P , .001). There were significantly more PBSC grafts in the parous female sibling group (87% vs 76%, P , .001). A majority of patients were transplanted with early stage disease. The median time from diagnosis to transplant differed between the 2 groups (parous female sibling: 5 months, male URD: 7 months; P , .001). Median follow-up of survivors was 66 months (range 3-170) for parous female sibling recipients and 72 months (range 3-169) for male URD recipients, P , .001 (Tables 1-3) .
aGVHD
There was an increased risk of grade 2 to 4 aGVHD in recipients of male URD grafts as compared with recipients of parous female sibling donor grafts (100-day grade 2-4 aGVHD 46% in patients receiving male URD grafts vs 35% in those receiving parous female sibling grafts). This finding persisted in multivariable analysis (relative risk [RR] 5 1.56, P , .0001) (Figure 1 ). Other significant covariables associated with grade 2 to 4 aGVHD included GVHD prophylaxis (tacrolimus/methotrexate lowest risk, P 5 .0019) and graft source (PBSC higher risk, RR 5 1.32, P 5 .0003). Recipients of parous female sibling donor grafts may also have experienced a higher risk of grade 3 to 4 aGVHD as compared with recipients of male URD grafts, but this finding did not reach statistical significance given our conservative P value cutoff (RR 5 1.27, P 5 .016) ( Table 4) . cGVHD At 6 months and 1 year posttransplantation, there was no difference in incidence of cGVHD among male URD recipients (33% and 50%, respectively) as compared with parous female sibling recipients (30% and 50%, respectively). We found that recipient sex was a significant covariable in the cGVHD multivariable model, so this model was adjusted to include a combination of donor type and recipient sex as the main effect. For male recipients, the risk of cGVHD was similar between donor types (34% for each donor type, P 5 .89 at 6 months, and 55% for parous female sibling donor vs 51% for male URDs, P 5 .09 at 12 months; RR 5 1.09, P 5 .23). However, female recipients receiving male URD grafts experienced higher risks of cGVHD at 6 months posttransplant (31% as compared with 24% in female recipients receiving parous female sibling donor grafts, P 5 .01). By 1 year posttransplant, this difference was no longer statistically significant (50% of females receiving male URD grafts experienced cGVHD as compared with 44% of females receiving parous female sibling grafts, P 5 .07). In multivariable analysis, for female patients, male URDs conferred an adjusted relative risk of cGVHD of 1.43 (P , .0001) compared with those receiving parous female sibling grafts. Other significant covariables included year of transplant, with cGVHD more frequently seen in earlier transplant years (overall P 5 .002), and receipt of peripheral blood grafts (RR 5 1.73 compared with BM, P , .0001) ( Table 4) . In male patients, donor type did not significantly impact cGVHD (Figure 2 ).
OS
A smaller percentage of male URD recipients were alive at 100 days (82% vs 88% of recipients of parous female sibling transplants, P , .001). However, by 1 year, this difference disappeared (Figure 3 ). CsA 6 others 128 (14) 191 ( In multivariable analysis, this small decrement in OS in recipients of male URD donor grafts persisted, although it no longer reached statistical significance (male URD RR 5 1.10; 99% CI, 0.99-1.26; P 5 .07). Other variables associated with poorer OS included older age, poorer Karnofsky score, advanced disease status at transplant, and earlier year of transplant (Table 5 ). Cause of death was largely because of primary disease and was similar between the 2 groups (parous female sibling 41%, male URD 44%). Six percent of deaths in both the parous female sibling and male URD groups were attributable to aGVHD. A comparable incidence of death attributed to cGVHD was seen in the 2 groups.
Secondary end points DFS. DFS was inferior in the male URD cohort at 100 days (male URD 73% vs parous female sibling 78%, P 5 .003) and at 6 months (60% vs 65%, respectively, P 5 .008) posttransplantation. At 1 year and beyond, however, there was no significant difference in DFS: 1-year male URD 49% vs parous female sibling 54% (P 5 .03), 2-year male URD 41% vs parous female sibling 44% (P 5 .19), 3-year male URD 37% vs parous female sibling 39% (P 5 .49), and 5-year male URD 33% vs parous sibling 34% (P 5 .52). In multivariable analysis, donor type was not associated with DFS (P 5 . transplant, and earlier year of transplant were associated with poorer DFS (Table 6 ).
Relapse. There was no significant difference in incidence of relapse between the 2 donor cohorts at any time posttransplantation (P 5 .59). The increased risk of GVHD was not offset by lower relapse rate: in multivariable analysis, the relative risk of relapse in male URD recipients was 1.03 (P 5 .61). Significant variables associated with relapse included older age of the patient, AML diagnosis (vs MDS), and advanced disease status (Table 6 ).
TRM. TRM was greater in recipients of male URD grafts at 100 days (11% vs 8%, P 5 .003). However, at 6 months and beyond, incidence of TRM was not significantly different between the 2 cohorts. In multivariable analysis, donor type was not significantly predictive of TRM, but older age, poorer Karnofsky score, TBI-based conditioning, and earlier year of transplant were associated with higher TRM (Table 6 ).
Discussion
We undertook this analysis to provide guidance to transplant clinicians when the only available sibling donor is a sister with previous pregnancies, as these donors are known to confer an increased risk of aGVHD and cGVHD when compared with male siblings. We sought to answer the question, would unrelated male donors be preferable to parous female siblings? We found that after adjusting for other significant covariables, recipients of male URD grafts experienced a 56% higher risk of grade 2 to 4 aGVHD compared with recipients of parous female sibling grafts. Although parous female siblings more frequently donated PBSC, a product known to increase cGVHD, the effect was preserved even when controlling for this variable. 28 When evaluating only the most severe aGVHD (grade 3 to 4) this increased risk may have persisted, but our results no longer demonstrated statistical significance, possibly because of a relatively low incidence of severe aGVHD in the study sample. The increased early TRM in the male URD group may be attributable in part to the higher incidence of aGVHD. However, over time, TRM and OS were not significantly impacted by donor source in our multivariable analyses, suggesting that the impact of aGVHD on these outcomes occurs early posttransplantation and may be counterbalanced by other factors posttransplant.
Overall Survival by Donor Group
In contrast to aGVHD, the incidence of cGVHD varied not just by donor type, but also by sex of the recipient. We found that male recipients had equivalent rates of cGVHD regardless of donor type, whereas female recipients fared better with parous female sibling donors. Although prior work has focused on cGVHD in male recipients of female donor grafts, as female T cells recognize Y-chromosome encoded male-specific minor histocompatibility (H-Y) antigens, 29, 30 this study suggests that other minor histocompatibility antigen mismatches may be more important than H-Y mismatch. Why this effect was seen only in female recipients is unclear.
OS did not appear to be better among recipients of male URD grafts, possibly because TRM from cGVHD may have offset other benefits. Although some prior studies in URDs have found no association between parity and OS, 24 others have demonstrated poorer OS (and higher TRM) in male recipients of female grafts, 31 and yet other analyses have shown improved OS. 32 It is difficult to reconcile the marked differences in survival outcomes in the many studies that have evaluated donor sex or parity, but our large study suggests that if parity is a risk factor for GVHD or other poor outcomes, it is not as significant as the effects of receiving a graft from a URD. Like most transplant analyses, we confirmed that older patient age, poorer patient performance status, advanced disease, and earlier year of transplant were associated with poorer OS. We acknowledge limitations in our study. As with all registry studies, there may be miscategorization of the incidence of GVHD. Although we have information on degree of HLA match, this did not include data on killer-cell immunoglobulin-like receptor (KIR) gene complexes, which may affect early relapse and mortality. 33 Furthermore, we did not control for permissive and nonpermissive mismatching at DQB1 and DP. We did not evaluate the use of donor leukocyte infusions for relapsed disease in our analysis, which could impact the incidence of aGVHD and cGVHD, as well as relapse and OS. Our analysis was restricted to T-cell replete transplants, and hence our findings may not be extrapolated to patients receiving in vivo or ex vivo T-cell-depleted transplants. This is particularly relevant given our primary end points of aGVHD and cGVHD. 34, 35 Finally, as in all studies analyzing donor parity, we recognize that documentation of parity may be unreliable and subject to misclassification bias. However, if a nulliparous female donor were miscategorized as parous, we expect that this would bias the results toward the null.
In conclusion, compared with parous female sibling donors, male URDs imparted an increased risk of grade 2 to 4 aGVHD to all recipients, an increased risk of cGVHD to female recipients, and an equivalent risk of cGVHD to male recipients. This finding suggests that other minor histocompatibility antigen mismatches outweigh the impact of H-Y mismatch. Donor type does not impact long-term OS. When faced with a choice of an unrelated male donor or a parous female sibling donor, physicians should favor HLA-identical sibling donors irrespective of donor sex and parity in order to reduce the risk of aGVHD and cGVHD.
